Abstract. The aim of the present study was to explain the mechanism of miR-30a-3p overexpression in sepsis-induced cell apoptosis in vitro and in vivo. For the in vitro cell experiments, H9c2 cells were divided into three groups, including the untreated normal control (NC), lipopolysaccharide (LPS)-treated and miRNA (treated with LPS and transfection with miRNA-30a-3p) groups. The cell proliferation and apoptosis were evaluated by MTT assay and flow cytometry, respectively. The relative protein expression levels were measured by western blot assay. In the in vivo experiment, a sepsis rat model was established by intraperitoneal injection of LPS. Sprague Dawley rats were divided into three groups, including the NC, LPS-injected and miRNA (in which model rats were injected with miR-30a-3p vector at the caudal vein) groups. The myocardial morphology in different groups was observed by hematoxylin and eosin staining. In addition, tissue apoptosis and protein expression levels were evaluated by TUNEL and western blot assay, respectively. The results of cell experiments indicated that the cell proliferation rate was significantly increased and the cell apoptosis rate was significantly downregulated in the miR-30a-3p group compared with the LPS group (both P<0.05). The relative protein expression of phosphatase and tensin homolog (PTEN) was markedly decreased in the miRNA group compared with the LPS group, while the levels of phosphoinositide 3-kinase (PI3K) and protein kinase B (AKT) were significantly increased in the miRNA group (all P<0.05). In the in vivo experiments, the myocardial morphology of the miRNA group was improved compared with that of the LPS group. Compared with the LPS group, cell apoptosis in the miRNA group was significantly downregulated (P<0.05), while the relative protein levels (PTEN, PI3K and AKT) in the tissues were also significantly altered (P<0.05). In conclusion, miR-30a-3p overexpression may improve the sepsis-induced cell apoptosis in vitro and in vivo via the PTEN/PI3K/AKT signaling pathway.
Introduction
Sepsis is a systemic inflammatory response with a variety of causes, including trauma, infection, surgery and burns. If treatment and management of sepsis is not timely provided, it may lead to shock, multiple organ dysfunction and even mortality (1, 2) . Myocardial injury is a common complication of sepsis, which results in a high incidence of organ damage. This injury causes severe arrhythmia, cardiac insufficiency and cardiogenic shock, as well as aggravates the damage of other organs and tissues. Therefore, the prevention and treatment of sepsis-induced myocardial injury is of great clinical significance (3) (4) (5) .
Phosphatase and tensin homolog (PTEN), a phosphatase homolog deleted on chromosome 10, is a tumor suppressor gene with phosphatase activity (6) . PTEN is one of the most important tumor suppressor genes, and is closely associated with numerous human primary and metastatic tumors (7) . Previous studies have demonstrated that PTEN overexpression was involved in suppressing the cell activities by regulation of the phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) signaling pathway (8) (9) (10) . On the basis of those previous observations, it is hypothesized that PTEN inhibitor may have an effect in improving cell apoptosis.
microRNA (miRNA or miR) molecules serve an important role in the regulation of cell metabolism (11, 12) . In addition, miRNAs are closely involved in the pathophysiology of lipopolysaccharide (LPS), as miRNA over-expression or knockdown may suppress LPS induced cell apoptosis. In LPS-induced A549 cell apoptosis, miR15a, miR-15b, miR-203 and miR-135a were significantly increased, while the expression levels of miR-23a, miR-205, miR-199 and miR-497 were significantly decreased (13) (14) (15) . The downregulation of miR-135a expression was observed to relieve the inhibition of the target protein B-cell lymphoma 2 and reduce the apoptosis (16) . In RAW264.7 macrophages, LPS upregulated the expression of Toll-like receptor (TLR)-4 and myeloid differentiation primary response gene 88, while it downregulated the expression of miR-93, which in turn raised its target protein interleukin-1 receptor-associated kinase 4 expression, MicroRNA-30a-3p overexpression improves sepsis-induced cell apoptosis in vitro and in vivo via the PTEN/PI3K/AKT signaling pathway promoting the occurrence and development of inflammation (17) . miR-30a-3p is abnormally expressed in numerous solid tumor cells, including hepatic cancer, lung cancer and cervical cancer, and is closely associated with cell proliferation and apoptosis (18) (19) (20) . A low expression miR-30a-3p has been observed in hepatocellular carcinoma, while miR-30a-3p overexpression inhibited the proliferation and induced apoptosis in this tumor (21) . Using TargetScan software, it was hypothesized that PTEN may be a potential target of miR-30a-3p, since miR-30a-3p may participate in the pathophysiological process of cells by regulating the expression of PTEN.
According to these earlier studies, the current study demonstrated that LPS regulated the occurrence and development of apoptosis by affecting the expression of RNA. Thus, it was inferred that relative microRNA overexpression also have an effect in suppressing the development of apoptosis induced by LPS. In the present study, the effect of miR-30a-3p overexpression on cell apoptosis induced by LPS was investigated in vitro in treated H9c2 cells, as well as in vivo in a rat model of sepsis. (Waltham, MA, USA). A total of 27 male 6-weeks-old Sprague Dawley (SD) rats weighing 220.5±15.6 g; n=9 per group) were purchased from the Laboratory Animal Center of Sun Yat-sen University (Guangdong, China) and their access to food and drinking water was ad libitum, while they were kept in an environment with a 12 h light and dark cycle, temperature of 23±2˚C and humidity of 55±10%. The animal experiments conducted in the present study were approved by the Medical Ethics Committee of the Tianjin First Central Hospital (Tianjin, China).
Materials and methods

Materials
Cell culture and grouping. The H9c2 cells were cultured in high-glucose Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum in a 37˚C incubator with 5% CO 2 . H9c2 cells at the logarithmic growth phase were digested with trypsin and then prepared into a cell suspension in 96-well plates (1x10 4 cells/well). The H9c2 cells were divided into three groups, as follows: Normal control (NC) group, in which cells were treated with the empty vector; LPS group, in which cells were treated with 40 µg/ml LPS; and the miRNA group, in which cells were treated with 40 µg/ml LPS for 24 h before transfection with 10 µl/ml miR-30a-3p (3'-CGA CGU UUG-UAG GCU GAC UUU C-5') vector using Lipofectamine ® 2000. Subsequent experiments were conducted 48 h following transfection.
MTT assay. The cells in different groups were cultured for 48 h and then washed with phosphate-buffered saline (PBS). An MTT assay was conducted to examine the cell proliferation according to the manufacturer's protocol provided in the kit, and the absorbance value was measured at a wavelength of 450 nm. The experiment for each group was performed in triplicate.
Cell apoptosis. The H9c2 cell apoptosis was measured using Annexin V-FITC double staining kit (cat no. AP002, GeneScript Co., Ltd., Nanjing, China) and flow cytometry. Cells at the logarithmic phase were seeded in 6-well plates (1x10 5 cell/well) and cultured in a 37˚C incubator with 5% CO 2 for 48 h. According to the manufacturer's protocol, cells were digested with trypsin-free EDTA and harvested by centrifugation at 1,000 x g for 3 min at 4˚C. Next, the supernatant was removed, and then 1ml cells were added to the PBS tube. Subsequent to washing the cells in the EP tube twice with PBS, 500 µl binding buffer and 10 µl Annexin V-FITC were added in the dark and mixed for 15 min at 37˚C. Cell apoptosis was detected by flow cytometry, and the experiment was repeated three times.
Animal groups and sepsis model. The SD rats were divided into three groups, as follows: The NC group in which rats were injected with 0.2 ml saline; the LPS group which were injected with 40 mg/kg LPS in the abdomen to establish the sepsis model; and the miRNA group, in which sepsis model rats were injected with the 0.2 ml 10 µl/ml miR-30a-3p vector at the caudal vein following establishment of the sepsis model. A rat model of sepsis was induced by cecal ligation and puncture, as previously described (19) . Briefly, the rats were fasted for 12 h before surgery and then treated with 2% sodium pentobarbital intraperitoneal anesthesia, followed by fixing the rat limb on the experimental table and disinfecting the skin and middle abdominal region. An abdominal median incision of 1.0 cm was performed by dissecting the skin and subcutaneous tissue layer by layer. Next, the linea alba and peritoneum were cut open without damage caused in the abdominal cavity, and then the cecum and surrounding adjacent bowel were identified and exposed. The cecum was gently pulled and placed in a sterile gauze using 3-0 suture ligation of the cecal and mesenteric vessels at a distance of 1.5 cm at the end of cecum. After ligation, the cecum was punctured with a 20G sterile needle. The puncture point was selected in an avascular area. The intestinal contents were gently squeezed out to ensure the patency of puncturing. The cecum and other tissues were placed back into the abdominal cavity, and a 4-0 suture was used to close the abdominal incision. At the end of the procedure, all rats were injected with 1 ml saline in the abdomen to supplement the blood volume and returned to normal diet. At 6-12 h following surgery, the rats developed fever (rectal temperature, >40˚C), chills, lack of strength and lack of motion, oliguria and shortness of breath, which indicated that the sepsis model was established successfully.
Hematoxylin and eosin (H&E) staining.
After the rats were sacrificed, the myocardial tissue was removed and placed in 10% formaldehyde solution for 48 h at room temperature.
The tissues were embedded in paraffin, cut into 4 mm-thick sections and dehydrated with gradient ethanol. Sections were then stained with H&E and assessed with the optical microscope.
TUNEL assay. The left ventricular myocardium of the rats was embedded in paraffin, sectioned, and then subjected to TUNEL assay according to the manufacturer's protocol provided in the In situ Cell Death Detection kit. For each rat, 10 slices were observed under a light microscope (magnification, x200) and 10 fields-of-view were randomly selected for analysis using MICRO-COS-MOS MiVnt images (Shanghai Changfang Optical Instrument Co., Ltd., Shanghai, China). The mean optical density (MOD) of positive cells was determined, and the percentage of positive cells in the cytoplasm and nucleus was calculated to determine the cell apoptosis index (AI), according to the following formula: AI (%)=MOD/AI. The percentage of cells x100.
Western blot assay. Following treatment for 48 h, the left ventricle myocardial tissues and cells in the different groups were subjected to western blot assay to measure the relative protein expression levels of PTEN, PI3K and AKT. Briefly, radioimmunoprecipitation assay buffer was added, incubated for 30 sec on ice and then left to stand for ~25 min, followed by centrifugation at 12,000 x g at 4˚C for 30 min. The protein content of each supernatant was determined by the BCA method. Next, 20 samples were taken from each group, 30 µg protein from each sample were first resolved in 12% SDS-PAGE gel and then transferred onto a nitrocellulose membrane (Bio-Rad, Hercules, CA, USA). The membrane was rinsed with PBS and the non-specific binding sites were blocked in a solution of 5% non-fat milk in PBST (0.05% Tween 20 in PBS) for 2 h at 37˚C, followed by three washes in PBST. The membrane was first incubated with PTEN (1:1,000), PI3K (1:1,000), AKT (1:1,000) and GAPDH (1:1,000) antibodies at -4˚C overnight, which were purchased from Abcam and then washed in PBST buffer. Following washing with Tris-buffered saline/Tween 20 three times, horse radish peroxidase-goat anti rabbit secondary antibodies (1:2,000; cat no. 136812; Abcam) were added and incubated for at least 1 h at room temperature. The membrane was washed for a further three times and detected with enhanced chemiluminescene using a Bio-Rad system to visualize and quantify the western blots Bio-rad system (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Statistical analysis. The SPSS version 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis, and data are expressed as the mean ± standard deviation. Comparisons between two groups were performed with Student's t-test, while one-way analysis of variance followed by a Tukey's test was used to compare the differences between multiple groups. P<0.05 indicated that a difference was statistically significant.
Results
Cell proliferation determination by MTT assay. As observed in Fig. 1 , LPS significantly reduced the cell proliferation rate compared with the NC group (P<0.05). However, the H9c2 cell proliferation rate of the miRNA group was significantly upregulated compared with the LPS group (P<0.05). This result indicated that miR-30a-3p overexpression improved the LPS-induced suppression of cell proliferation in vitro.
Cell apoptosis determination by flow cytometry. The results of flow cytometry indicated that the cell apoptosis rate of the LPS group was significantly increased compared with NC group and the cell apoptosis rate of the miRNA group was significantly reduced when compared with that in the LPS group (both P<0.05; Fig. 2 ). This suggested that miR-30a-3p overexpression in H9c2 cells improved the LPS-induced apoptosis.
Relative protein expression levels of PTEN, PI3K and AKT in cell experiments. As shown in Fig. 3 , compared with NC group, the expression of PTEN was significantly increased in the LPS group, while the expression of PI3K and AKT proteins expression were significantly decreased in LPS group (all P<0.05) and compared with the LPS group, the PTEN protein expression in the miRNA cell group was significantly downregulated (P<0.05). By contrast, the PI3K and AKT protein expression levels in the miRNA group were significantly upregulated compared with the LPS group (P<0.05; Fig. 3 ). Therefore, these findings suggested that miR-30a-3p overexpression may protect against the LPS-induced cell apoptosis by inhibiting PTEN expression and by enhancing the PI3K and AKT protein levels.
H&E staining of tissues. Myocardial tissues were stained by H&E in the in vivo experiments to examine any alterations caused by sepsis (Fig. 4) . In the LPS group, inflammatory cell infiltration was observed, as well as disordered arrangement of myocardial cells and increased interstitial edema. Compared with the LPS group, the inflammatory cell infiltration, myocardial cells arrangement and interstitial edema were significantly improved in in the miRNA group, which meant that the pathological response of the miRNA group was evidently reduced in comparison with that of the LPS group, while it was similar to the NC group (Fig. 4) . TUNEL assay. TUNEL staining demonstrated that the level of apoptosis in the LPS rat group was significantly higher compared with that in the NC group, and the level of apoptosis in the LPS group was significantly higher compared with that in the miRNA group indicating that miR-30a-3p overexpression prevented the sepsis-induced apoptosis (all P<0.05; Fig. 5 ).
Relative protein expression levels in rat tissues. The PTEN protein expression of LPS group was significantly increased while the expression of PI3K and AKT proteins were suppressed compared with the NC group (P<0.05, respectively). Compared with the LPS group, the PTEN protein expression in the tissues of the miRNA group was significantly downregulated, while the PI3K and AKT protein expression levels in the miRNA group were significantly upregulated (all P<0.05; Fig. 6 ). These results suggested that miR-30a-3p overexpression may protect against sepsis-induced cell apoptosis by inhibiting PTEN expression and enhancing the PI3K and AKT protein expression levels.
Discussion
Sepsis is characterized by severe organ dysfunction requiring intensive care and is associated with a high mortality rate (22) . The host develops an acute syndrome under expo- (22) . The host develops an acute syndrome under expo-. The host develops an acute syndrome under exposure to endotoxins, including LPS, which are released from bacterial membranes and trigger a potent inflammatory cytokine response, leading to severe impairment of lipid metabolism (22) . LPS binds TLR-4, which leads to the release of proinflammatory cytokines that are essential for a potent innate immune response against pathogens (22) . The innate immune system is tightly regulated, as excessive inflammation may lead to organ failure and mortality. In the LPS model, septic shock is achieved within a short time (4-6 h) in a simple manner and with a low mortality rate, which is effective for studying the functional changes at the late stage of sepsis shock and its mechanism (23) . miRNA is a highly conserved, endog-3). miRNA is a highly conserved, endog-). miRNA is a highly conserved, endogenous non-protein-coding RNA, which serves an important role in maintaining cell growth (20) . Previous studies have also demonstrated that miRNAs are involved in inflammation and immune system function (21, 24) . In epithelial cells, FoxA1 was upregulated by LPS, while miR-17 was significantly downregulated. However, miR-17 mimics significantly inhibited FoxA1 mRNA and protein expression, whereas the miR-17 inhibitor c significantly increased FoxA1 mRNA and protein expression in LPS-induced type II epithelial cells, which suggested that miRNAs also serve an important role in promoting apoptosis by regulating Fox A1 in the cell experiments (25) . miR-375 overexpression was also observed to improve sepsis-induced body injury in a previous study (26) . In the present study, the results indicated that miR-30a-3p overexpression improved the cell apoptosis induced by sepsis, as observed in the in vitro and in vivo experiments.
The PTEN gene, which has 9 exons and 8 introns, is located in 10q23.3 and is composed of 200 kb, is the first tumor suppressor gene with a phosphatase activity (27) . PTEN encodes a multifunctional protein with a protein and lipid phosphatase activities, which interferes with the PI3K/AKT signal transduction, causing a blockade in the G phase of the cell cycle (28) . Furthermore, PTEN has been demonstrated to negatively regulate the PI3K/AKT pathway, as well as induce cell apoptosis and proliferation (29) (30) (31) (32) .
Previous research has reported that miR modulates PI3K/Akt signaling by directly downregulating PTEN, thereby promoting phosphorylation of Akt, which leads to a decrease in proinf lammatory cytokine production, which indicated that miRNAs was associated with PTEN/PI3K/AKT signaling pathway (33) . In the present study, the PTEN/PI3K/AKT signaling pathway was evaluated by examining the protein expression by western blot assay in vitro and in vivo. The results confirmed that miR-30a-3p overexpression suppressed the PTEN expression, and enhanced the PI3K and AKT protein expression levels in vitro and in vivo.
The PTEN/PI3K/AKT pathway serves an important role in cell apoptosis. The results of the present study indicated that sepsis induces cardiomyocyte apoptosis by regulation of the PTEN/PI3K/AKT signaling pathway. However, cardiomyocyte cell apoptosis was inhibited with miRNA-30a-3p over-expression in the in vivo and in vitro studies. It was reported that transfection with miR-30a-3p increased the level of PTEN in MG-63 cells, while transfection with miR-30a-3p inhibitor significantly decreased the expression of PTEN in osteosarcoma cells (34) .
In conclusion, the in vitro and in vivo results of the present study revealed that miR-30a-3p overexpression may have a beneficial effect by improving the LPS-induced or sepsis-induced cell apoptosis via the PTEN/PI3K/AKT pathway. There were however some limitations in the present study, as PTEN was just one target gene of miRNA-30a-3p and it has been unclear whether the miRNA-30a-3p overexpression directly affected the levels of PTEN in LPS-or sepsis-induced cell apoptosis. It was also inferred that miRNA-30a-3p may be a biomarker in sepsis induced myocardial damage. Figure 6 . Relative protein expression levels of PTEN, PI3K and AKT in the rat tissues (in vivo experiment). A rat model of sepsis was established (referred to as the LPS group), and model rats were then treated with miR-30a-3p (referred to as the miRNA group).
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